Abstract The objectives of this study are (1) to evaluate prevalence of traumatic diaphragmatic injury (TDI), (2) identify the predictors of mortality, and (3) study the accuracy of investigations in survivors of TDI. Retrospective analysis of prospectively maintained database of TDI from January 2007 to December 2011. Emergency department (ED) records, operative details, and autopsy reports were reviewed to determine injury characteristics, treatment provided, and outcome. Statistical analyses were performed using the SPSS ver.15 software. TDI was identified in 75 individuals. Thirty-two of 75 (42.6 %) cases were brought dead to the hospital, and 43/75 (57.3 %) were survivors presented to emergency department, diagnosed to have TDI intraoperatively. Seven of 43 (16.3 %) died postoperatively. Mortality in TDI was significantly related to age (p =0.001), injury severity (p <0.001), site of TDI (p =0.002), and associated injuries (p =0.021, odds ratio of 9). Death increased with increase in the number of organ injured (p <0.001, odds ratio of 12). Multi-detector computer tomography (MDCT) detected TDI in 23/26 (88.5 %) cases preoperatively. Laparotomy (p <0.001, odds ratio of 22) and thoracotomy (p =0.021, with odds ratio of 9) were associated with survival benefit when compared to minimal invasive surgery in injured cases. The prevalence of TDI was 2.67 %, TDI's mark severity of injury. Mortality increases with increasing number of organ injured. Right-sided or bilateral injury of diaphragm is associated with increased mortality.
Introduction
The diaphragm is one of the essential organs required to sustain life (ability to ventilate). TDIs were better understood from the case series published in 1951 [1] . TDIs are uncommon consequence of major trauma. True incidence of TDI is difficult to ascertain because of inconsistency in reporting of missed or late detected DI. Blunt force on the abdomen increases abdominal pressure, shearing the stretched diaphragm, and avulsing it from points of its insertion leading to irregular and extensive tears in the diaphragm. Penetrating injuries often produce small laceration in diaphragm with identifiable associated injuries [2] .
The most challenging issue in thoraco-abdominal trauma is assessing asymptomatic patients, and in up to 50 % of the cases, TDIs are clinically occult with symptoms masked due to the associated injuries [3, 4] . There are no specific signs or symptoms suggesting the diagnosis of TDI and is often found at laparotomy. In 8 % of cases, TDIs are radiologically occult [5] . The gold standard armamentarium in the diagnosis of TDI is surgery. Conventional CT scan is blind to the costal part of the diaphragm. Rate of missed DI on chest roentgen ranges from 12 to 66 % with potential risk of a late diagnosis with visceral herniation or strangulation. The diagnostic accuracy of chest roentgen can be as low as 3 % for the right side of the diaphragm; diagnosis missed in the first 4 h may result in delay in diagnosis for months or years [6] . TDI is essentially a diagnostic challenge in the era of non-operative management of solid-organ injuries. Conventional CT has sensitivity of 14-61 % and a specificity of 76-99 %. Helical CT has a sensitivity of 71 % and a specificity of 100 % [7] . Sensitivity, specificity, and negative predictive value of laparoscopy for diaphragmatic injuries were 100, 87.5, and 96.8 %, respectively, and combined both video-assisted thoracoscopic surgery (VATS) and laparoscopy could offer diagnostic and therapeutic benefit in selected cases of penetrating torso injury [8, 9] .
Methods and Material
Data Repository and Study Design A retrospective analysis of prospectively maintained database of TDI at a level 1 Trauma Centre All India Institute of Medical Sciences Delhi, India, (J.P.N. Apex Trauma Center) from January 1, 2008 to December 31, 2011. All the ED records, operative notes, and discharge summaries were reviewed to obtain data on patient demographics, mechanism of injuries, operative procedures, and autopsy details. All the statistical analyses were done using SPSS, ver. 15 software. Mechanisms of injury were categorized into blunt (motor vehicle collision (MVC) and fall from height on blunt object) and penetrating injury (gunshot wound and stab wound).
Results
Two thousand eight hundred eight cases sustained thoracoabdominal injury from January 1, 2008 to December 31, 2011. Seventy-five cases had sustained TDI (diagnosis extracted from MDCT, operative notes, and autopsy reports). Thirtytwo cases were brought dead to the hospital taken to autopsy room and diagnosed to have DI, while 43 cases were among survivors who were taken to operating room and diagnosed to have TDI. Seventy-one (94.7 %) were men and four (5.3 %) were women. Mean age among survivors was 27.33 years and among non-survivors was 37.85 years. Forty-two (56 %) cases had sustained injury following MVC, 7 (9.33 %) had fall from height, and 26 (34.66 %) had penetrating injury. Focused assessment with sonography for trauma (FAST) was done routinely in all the survivors having sustained thoraco-abdominal injury; it was positive for free fluid abdomen in 40/43 cases (93.02 %). Chest roentgen was done in 43 cases, and it detected TDI in nine cases (20.9 %). Chest roentgen had sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy of 30.4, 100, 100, 15.8, and 20.9 %, respectively. Seventeen (39.5 %) cases presented with hypotension and were directly taken for emergency surgery. MDCT abdomen was performed in 26 (60.5 %) number of cases, and TDI was found in 23 cases (88.5 %). Total number of cases that undergone surgery was 43. Laparotomy was done in 37 cases, thoracotomy in 8 cases, laparoscopy in 3 cases (two were converted), and VATS in 2 cases (both the cases were converted). Left-sided diaphragm was involved in 46 (61.3 %) cases, right-sided diaphragm was involved in 41 (54.7 %) cases, DI extension to central tendon was seen in 17 (22.7 %) cases, and bilateral diaphragm was involved in 12 (16 %) cases. Seven (9.33 %) presented with isolated DI and 68 (90.66 %) had associated injuries (ten had one organ associated, 21 had two organ associated, and 37 had multiple organ injury associated). Forty-six (61.3 %) cases sustained musculoskeletal system was injured, 34 (45.3 %) cases had liver injury, 31 (41.3 %) cases had hollow viscus injury (gastrointestinal tract injury), 18 (24 %) cases had sustained splenic injury, 9 (12 %) cases had sustained genitor urinary tract, 9 (12 %) had sustained cardiac injury, 5 (6.7 %) cases sustained retroperitoneal injury, and 6 (8 %) had sustained head injury. Both laparotomy (p <0.001) and VATS (p =0.021) were significantly related to survival. Total number of survivors at the end of the procedure was 36 cases, while seven cases died postoperatively. Increasing age, injury severity, site of diaphragm, and presence of associated injury were significantly related to mortality (Table 1) . Mortality increased with increase in number of organs injured (p <0.001). Associated injury increased mortality by nine times (p =0.021) with one visceral injury and with every additional organ involvement mortality increased the risk of death by 12 times (p <0.001). The diagnostic accuracy of MDCT was 88.5 %.
Discussion
Management of every TDI is surgical repair irrespective of mechanism of injury. Prevalence of TDI was 2.67 % in our study, more frequent in men 94.7 % than in women. It is comparable with literature that reported the incidence of TDI as 0.8-5 % of hospitalized automobile accident victims and 5 % of blunt trauma patients that undergo laparotomy [10, 11] . TDI was more often due to blunt trauma 65.33 % than due to penetrating injury. MVC was significantly related to mortality (p =0.05) when compared to the penetrating injury. Penetrating injuries are relatively uncommon in India due to stringent legislations against usage of ballistic missiles, and therefore, MVC is accounted for majority of cases of TDI. This finding is comparable with the literature documented in the west [12, 13] . Seventeen (39.5 %) cases presented with hypotension and were directly taken for emergency surgery. TDIs present with altered physiology in 50-60 % of the cases [14] . Diagnostic accuracy of preoperative chest x-ray for TDI was 27-60 % for left-sided injuries and 17 % of right-sided injuries [15] . The diagnostic accuracy of chest radiographs is variable and could range from 27 to 62 % for left-sided diaphragm and 3 to 17 % for right-sided diaphragm [16] . From our study, chest roentgen had good specificity (100 %), poor negative predictive value (15.8 %), and poor diagnostic accuracy 9/43 (20.9 % confidence interval, 10.04 to 36.04 %). Chest x-rays are useful screening tool for TDI; a positive chest roentgen is reliable, but a negative chest roentgen does not rule out the possibility of TDI. The diagnostic accuracy of MDCT scan was 23/26 (88.5 % confidence interval, 69.5 to 97.55 %) in our study that is comparable with the literature showing helical CT which has a sensitivity of 71 % and a specificity of 100 % and an accuracy of 88 % for left-sided injuries and 70 % for right-sided injuries [7, 17] . FAST and diagnostic peritoneal lavage (DPL) have not been used as diagnostic modality in TDI in our institution, although FAST was done routinely in all cases in red triage (serious but salvageable life-threatening injury) to look for free fluid in the abdomen, but is not used as diagnostic modality to look for TDI. Minimally invasive surgery (MIS) such as laparoscopy and VATS are finding their places in TDI as diagnostic and therapeutic modality of TDI, which are hemodynamically stable, clinicoradiologically occult, or suspected hollow viscus injury, is without major intraabdominal hemorrhage [18] [19] [20] . MIS was used only in five cases in our hospital. When compared to MIS, open-operative procedures had survival benefit, viz. laparotomy (p <0.001, odds ratio=22.857) and thoracotomy (p <0.021, odds ratio=9.127) in our study. Although MIS has been used for repair of diaphragmatic defects and may even become prevalent with increasing experience, but we still consider open approach and repair as the treatment of choice in our institution, and selection of cases for MIS is inevitable requirement in trauma [21] [22] [23] [24] . TDI was more common on left side in our series {left/right=46:41}, which is in accordance with the literature [25] . Our study has also brought the fact that involvement of right side of diaphragm and/or bilateral involvement of diaphragm is significantly associated with increase in mortality. Regardless of the diagnosis suspected preoperatively, optimal treatment consists of damage control surgery upon exploration (abdomen and/or chest). The aim of the abdominal exploration should be careful evaluation of all the visceral organs for associated injury along with examination of both the domes of diaphragms along with palpation of central tendon. Isolated diaphragmatic injury is rare, and the possibility of associated injury rate approaches nearly 100 % [26, 27] . We had isolate TDI in seven (9.33 %) cases and associated visceral injuries in 68 (90.66 %) of cases in our series. In three cases, we missed diaphragmatic injury (three cases were missed even following MDCT scan). Low incidence of missed injury could be because of our aggressive approach in the severely injured patient population who often present with associated injuries, where exploratory laparotomy results in complete evaluation of all the viscera along with diaphragm.
Most frequently associated organ injury was musculoskeletal system followed by liver and lung injury. Addressing the associated injuries is often a challenge to trauma surgeons as cases are in extremes, and it is necessary to address them simultaneously because most of the morbidity and mortality are due to associated injuries, which is comparable to the literature study [27] . Our study has also brought the fact that with increase in number of organs injured, mortality increases significantly with relative risk of 12 times. Diaphragmatic rupture is associated with loss of its function and bowel herniation compressing the pulmonary parenchyma leading to respiratory and circulatory collapse, and further mortality would increase to 30 % when associated with bowel strangulation [28] . Management of TDI consists of debridement of the devitalized diaphragmatic tissue (sparing as much muscle as possible) and repair (interrupted or continuous horizontal mattress repair) using non-absorbable suture. Most frequently performed surgical procedure was laparotomy of 37 cases (86.04 %) in our hospital, and seven cases died postoperatively (Table 2) .
Summary
TDI is a marker of severity of injury (Table 1) . Age, injury severity, site of diaphragm, MVC, and associated injury have increased the risk of mortality. Mortality increases with increase in the number of organs involved. MDCT has good diagnostic accuracy of 88.5 %, and a negative chest roentgen does not rule out the possibility of TDI. Open approach has greater survival benefit when compared to MIS in TDI. Isolated DI is rare and associated injuries are present in most of TDI.
Conclusion
Diaphragmatic injuries mark severity of injury. Associated organ injuries are main prognostic factor of outcome. Mortality increases with increase in the number of organ injured. Right-sided and bilateral involvement of diaphragm is associated with significant mortality when compared to the leftsided diaphragmatic injury.
